Introduction
The antler cycle of the Eurasian reindeer and North American caribou (Rangifer tarandus) male has two interesting features, the completion of one antler cycle during the first year of life and a delay of up to 4 months between casting of the old and regrowth of the new antlers. Furthermore, reindeer and caribou are the only species in which the females carry antlers, and the comparison between the antler cycles of the two sexes is of interest. The early work of Tandler (1910) and Tandler & Grosz (1913) suggests that the events of the antler cycles of both sexes are largely independent of the activity of the gonads, as castration of reindeer has a minimal effect on the normal antler cycle, in contrast to other species of deer so far studied (reviewed by Goss, 1963) .
Previous studies of reindeer and caribou males have considered only one aspect of reproductive physiology, such as testis weight and histology (Meschaks & Nordkvist, 1962; McEwan, 1963) and plasma testosterone (Whitehead & McEwan, 1973) . The present study correlates observations on both the testis and testosterone levels with the antler cycles and provides the first complete account of events occurring in the first year of life.
Materials and Methods

Study area
The study was undertaken on South Georgia, a subantarctic island lying between 53°30' and 55°S and 35°30' and 38°30'W. Norwegian reindeer were introduced onto the island in 1911 and 1925, and now form three discrete herds-the Barff, Royal Bay and Busen herds (LeaderWilliams, 1978) . The reindeer reversed their breeding season 2 years after their transfer across the equator, and now calve in November, the austral spring (Olstad, 1930) . The rut occurs in the last 2 weeks of March and the first 2 weeks of April.
Field studies
The male reindeer of various ages were shot through the heart, chest or neck between May 1974 and November 1975. Of this sample of 111 from the Barff herd, 4 reindeer had abnormal testes and epididymides and are reported separately (Leader-Williams, 1979a (1978) , which does not involve chromatography. The antiserum cross-reacted with 5a-dihydrotestosterone (23-9%), 11 ß-hydroxytestosterone (0-4%), oestradiol-17ß (0-2%) and androstenedione (0-1%). The lower detection limit of the assay was 0-4 ng/ml. In order to validate results from young males (<14 months) in which values were below or close to the lower detection limit, a second assay, which included a Chromatographie purification step, was performed. This involved extraction of 0-5 ml plasma with hexane: ether (4:1 v/v) and separation in a Celite column using 10% ethyl acetate in isoctane as solvent (Stone, Kharma, Nakamura, Mishell & Thorneycroft, 1971) . The recovery of testosterone, assessed by using a tritiated testosterone tracer was 74-7 ± 1-61% (n = 30). With such recoveries the detection limits of the assay were from 0-1 to 5-0 ng/ml. All 21 samples in the first assay with undetectable levels of testosterone had levels of 0-4 ng/ml or less in the second assay; the inter-assay variation in the remaining 9 samples was 11 ± 4-3%.
Statistical treatment of data. Testis and epididymis weights of <1-and 1-month-old animals which were at the limits of accuracy of field weighings were excluded from statistical analysis. Mean testis and epididymis weights were calculated for at least 4 samples and compared by Student's t test; significance levels of means with different variances were calculated as described by Snedecor & Cochran (1967) . To eliminate changes in testis and epididymis weights that might be solely due to changes in body weight in Group A, a ratio of testis and epididymis weight (g) to carcass weight (kg) was used.
Results
Testis and epididymis
Weight. With the exception of the 4 males with abnormal testes (Leader-Williams, 1979a ), 92% of males had identical left and right combined testis and epididymis weights; the mean variation in the remaining 8% was 8 ± 2-2%. Text- figure 1 shows the changes in the combined left testis and epididymis weights of 107 normal reindeer with age.
In Groups B, C and D the testis and epididymis weights were at a peak from February to May, and at their lowest from July to December. There were no significant differences (P > 0-05) between the minimum mean left testis and epididymis weights from animals of each group collected from 15 July to 15 December: Group B, 10-9 ± 0-8 g ( In Group A, 10 specimens from males of 7-9 months of age (when testis and epididymis weights were maximum) were examined. Spermatids were present in the seminiferous tubules of both males of 8 months and spermatozoa in the epididymis of one male of 9 months (Text- fig. 2) fig. 1 ). Thus all the reindeer studied are considered as effectively attaining puberty at 4-8 months of age. However, puberty occurs at 17-18 months of age in barren-ground caribou (McEwan, 1963) and wild reindeer (Sokolov, 1959 , quoted by McEwan, 1963 . McEwan (1963) (Espmark, 1964; Lent, 1965; Bergerud, 1973) . Thus if the definition of puberty had included the development of all secondary sexual characters and reproductive behaviour, reindeer could not be said to complete puberty in their first year. Furthermore, the period of breeding (Dauphine & McClure, 1974; Bergerud, 1975) and calving (Nowasad, 1975; Holthe, 1975) is well synchronized in Rangifer, usually lasting not more than 1 month, so the appearance of spermatids in the testes of non-libidinous calves 3 months after the rut can be of little direct reproductive value. However, yearling male Rangifer do show development of their secondary sexual characters, have spermatozoa in their epididymides at the rut (Text- fig. 2 ) and display rutting behaviour, though their breeding success is limited by the presence of older, more dominant males (Espmark, 1964; Bergerud, 1973) . The indirect reproductive consequence of physiological puberty in calves may be to ensure the testis is fuUy functional in yearlings. In adapting to high latitudes the species has a short and intense rut, which occurs during migration in caribou (Lent, 1965) (Text-fig. 1 ). In studies of other cervids (Short & Mann, 1966; Lincoln, 1971b; Chaplin & White, 1972; Mirachi, Scanlon & Kirkpatrick, 1977a) (Espmark, 1964) , and the age-related shifts seen in rutting behaviour and in the response of accessory and secondary sexual characters in other species (Lincoln et al, 1970) .
Testicular activity and testosterone levels have been correlated with events of the antler cycle in several species (roebuck, Capreolus capreolus: Short & Mann, 1966; red deer; Lincoln, 1971a,b;  white-tailed deer, Odocoileus virginianus: Wislocki, 1943; Mirachi et al, 1977a; Mirachi, Scanlon, Kirkpatrick & Schreck, 1977b) . However, Goss (1963) and Bubenik (1975) interpreted early accounts of castration in reindeer (Tandler, 1910; Tandler & Grosz, 1913; Hadwen & Palmer, 1922) Meschaks & Nordkvist (1962) and Bergerud (1976) noted that casting of antlers of male reindeer and caribou occurs sooner after the rut with increasing age; a less pronounced trend occurs with other events of the cycle (Whitehead & McEwan, 1973; Text- fig. 2 ), and similar observations have been made for other species (Goss, 1963 (Wislocki, 1943) both have prolonged periods without antlers. It is recognized that various methods have been used in studies of different species of cervid (Table 2) and that some authors have used single plasma samples (Whitehead & McEwan, 1973; Mirachi et al, 1977b;  (Katongole, Naftolin & Short, 1974; Lincoln & Kay, 1979 (Bubenik, 1975) , in contrast to other species in which both events depend on the first sexual cycle (Blauel, 1935; Wislocki, Aub & Waldo, 1947; Lincoln, 1971a) . The present study demonstrates the possibility of such a relationship in male reindeer and caribou, though it has yet to be proved by the castration of young calves before antler development. It is notable also that the first antler cycle of reindeer shows a similar anomaly to that of red deer (Lincoln, 1971a) . Cleaning is a lengthy process, and once initiated (presumably by increased testosterone), both it and casting are completed long after testosterone has decreased to very low levels (Text-figs 1 and 2). This implies the involvement of a second factor, which, if overridden by the presence of testosterone in older males, could explain the apparent occurrence of an antler cycle in castrated males (Tandler, 1910 
